M
any patients with schizophrenia have symptoms that either do not or only partly respond to monotherapy with antipsychotic medications, including clozapine (1), the only antipsychotic medication with demonstrated efficacy for treatment-resistant schizophrenia (2) . The sustained use of combinations of antipsychotic medications-"antipsychotic polypharmacy"-is an increasingly common treatment strategy (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . However, evaluations of the efficacy of antipsychotic combinations have been limited to small randomized controlled trials of clozapine augmentation (15) (16) (17) (18) (19) and several case reports and uncontrolled investigations of other combinations of antipsychotic agents (20) (21) .
Although not widely studied, treatment with multiple antipsychotic agents may present risks to patients, such as increased adverse effects and drug interactions, decreased treatment adherence, increased costs for patients and health care systems, and a possible increased risk of mortality (22, 23) . Given these concerns, long-term use of antipsychotic combinations is recommended only as a last-line treatment strategy (24) .
One rationale for treatment with antipsychotic combinations is that lower dosages of agents having different side effects profiles may achieve adequate efficacy with fewer side effects than when a single agent is used in higher dosages (20) . However, sev-eral studies indicate that patients given prescriptions for antipsychotic combinations receive similar or higher total antipsychotic dosages than patients given prescriptions for monotherapy (3, 6, 10) . Only two studies have compared the dosage patterns of individual antipsychotic agents when prescribed in combination and in monotherapy (7, 14) . In these single-site studies the dosages of second-generation agents used in combination versus the dosages of such agents used as a monotherapy were reported to be similar. Dosages of first-generation antipsychotic agents, commonly prescribed as a part of combination regimens, have not been reported.
When two or more antipsychotics are used in combination in standard dosages, excessive antipsychotic exposure may lead to significant shortand long-term adverse effects. However, only a few reports have evaluated whether patients given prescriptions for antipsychotic combinations experience adverse reactions, such as extrapyramidal side effects (4), or receive antiparkinson medications more frequently, compared with those given prescriptions for monotherapy (7, 14) . In addition, the extent to which patients given prescriptions for long-term antipsychotic polypharmacy receive additional psychotropic medications has not been carefully evaluated. Given that simultaneous within-and betweenmedication class polypharmacy may increase risks of adverse effects and drug interactions and can also substantially increase costs, more information is needed regarding concurrent prescription patterns.
Comparisons across prior studies of the patient factors and treatment patterns associated with antipsychotic polypharmacy are complicated by inconsistencies in study design, diversity in the patient populations studied, and operational definitions of polypharmacy (25) . The most commonly used methods for identifying patients given prescriptions for polypharmacy often fail to differentiate between appropriate prescriptions of multiple agents on a shortterm temporary basis and long-term combination antipsychotic treatment regimens, which may increase risks to patients. In this retrospective study we evaluated Department of Veterans Affairs (VA) patients with schizophrenia or schizoaffective disorder who were given prescriptions for sustained treatment with antipsychotic combinations (90 or more days). In order to identify the patient demographic and clinical factors associated with long-term treatment, we compared these patients to those given prescriptions for sustained antipsychotic monotherapy. We also compared antipsychotic dosage patterns, use of antiparkinson medications, and use of adjunctive psychotropic agents prescribed between the two patient groups. From the remaining 61,257 patients, we identified 5,826 (9.5%) who received long-term antipsychotic polypharmacy, defined as receipt of two or more oral antipsychotic medications simultaneously for at least 90 consecutive days during the study period (25) . Patients who did not meet this criterion but who had at least 90 consecutive days of treatment with the same oral antipsychotic medication during the study period comprised the monotherapy comparison group (N=39,745).
Methods

Data sources
Measures
Predictors of long-term antipsychotic polypharmacy. We first examined associations between the receipt of long-term antipsychotic polypharmacy and patient demographic and clinical characteristics. We selected variables for inclusion in the statistical model on the basis of the results of previous studies of antipsychotic polypharmacy in addition to other factors likely related to antipsychotic treatment choice.
We included in the model patient age (8, 12, 13) , gender (5), race (white, African American, Hispanic, other [for example, Asian, Native American, or Pacific Islander], or unknown race) (8, 11, 13) , marital status (married versus not married) (11) , and an indicator of whether the patient had a military service-connected disability (13) . By using ICD-9 diagnostic codes, we included clinical indicators for whether the patient was diagnosed as having schizophrenia (versus schizoaffective disorder), major depression (13), a substance use disorder (5,13), or posttraumatic stress disorder (PTSD). We also included an indicator of whether the patient had a PSYCHIATRIC SERVICES ♦ ps.psychiatryonline.org ♦ April 2007 Vol. 58 No. 4 psychiatric hospitalization in 1999 (8, 13) and the number of outpatient mental health visits during the study period (5). Finally, we included an indicator of medical comorbidity (5), by using the Charlson Index (29). The Charlson Index score is the sum of weighted values assigned to 19 categories of comorbidity. Because the median score was zero, we categorized scores as 0 or ≥1.
Antipsychotic dosing. We calculated average antipsychotic dosages for each patient by examining the first 90 days of antipsychotic polytherapy or monotherapy during the study period. We converted dosages of all first-generation antipsychotic medications to chlorpromazine equivalents, the approximate dosage equivalent to a standard dosage of 100 mg of chlorpromazine, on the basis of a widely used conversion table (30) . We used standard milligram dosages for all second-generation antipsychotic medications prescribed during the study period.
Use of antiparkinson agents and adjunctive psychotropic medications.
We constructed dichotomous indicators of receipt of antiparkinson agents, antidepressant agents, antianxiety agents, or mood-stabilizing agents during the first 90 days of each patient's antipsychotic treatment during the study period.
Analyses
We used a hierarchical data analytic approach because of the clustered nature of our data, with patient observations nested within VA facilities. We first used generalized linear mixed models to examine multivariate relationships between the dependent variable (long-term antipsychotic polypharmacy) and patient demographic characteristics (age, gender, race, marital status, and military service-connected disability status) and clinical characteristics (schizophrenia versus schizoaffective disorder, depression, substance use disorder, PTSD, psychiatric hospitalization in the past year, total outpatient mental health visits during the study period, and score on the Charlson Index).
The distribution of antipsychotic dosage was highly skewed. We therefore used the Wilcoxon rank-sum test to determine whether dosages for each antipsychotic medication differed for patients who did or did not receive long-term combination antipsychotic treatment. Next, by using hierarchical multivariate regression models similar to those described above, we examined the relationship between the dependent variable (antipsychotic dosage) and a dichotomous indicator of whether the patient was given prescriptions for long-term antipsychotic polypharmacy, adjusting for patient demographic and clinical characteristics. Having converted dosages for each first-generation antipsychotic medication to standardized chlorpromazine equivalents, we then evaluated antipsychotic dosage using a single regression model for first-generation agents. For each of the second-generation antipsychotic medications, we constructed separate models.
Finally, we constructed hierarchical multivariate logistic regression models to evaluate whether treatment with long-term antipsychotic polypharmacy was associated with an increased likelihood of receiving antiparkinson medications and each class of adjunctive psychotropic medications. We evaluated separate models for each drug class, and the models were adjusted for the patient demographic and clinical characteristics described above. All study analyses were completed by using SAS, version 9.1.
Results
In Table 1 we present the results of the multivariate analyses examining the associations between patient factors and the likelihood of receiving long-term antipsychotic polypharmacy. Patients were more likely to have received long-term antipsychotic polypharmacy if they were younger, were unmarried, had a military service-connected disability, or were diagnosed as having schizophrenia rather than schizoaffective disorder. Patients were also more likely to receive antipsychotic polypharmacy if they had a psychiatric hospitalization in the prior year or had more outpatient mental health visits. Patients who were African American were less likely than white patients to have been given prescriptions for polypharmacy. Co-occurring depression or a substance use disorder was associated with decreased odds of receiving antipsychotic polypharmacy, whereas comorbid PTSD was not significantly associated with the likelihood of receiving combination antipsychotic treatment. Patients with a higher burden of medical comorbidity, as measured by the Charlson Index, had reduced odds of receiving long-term antipsychotic polypharmacy.
In bivariate analyses of second-generation antipsychotics, dosages of olanzapine, quetiapine, and risperidone were higher when used concurrently with other antipsychotic agents, compared with when they were prescribed alone, although the absolute differences in dosage levels were small (Table 2) . Dosages for clozapine did not differ significantly between the two groups in bivariate analyses. The results of the multivariate analyses for each agent were consistent with the results of the bivariate analyses.
Among the first-generation antipsychotic medications, dosages of chlorpromazine were lower and dosages of thiothixene and haloperidol were higher among patients given prescriptions for antipsychotic combinations in bivariate analyses, compared with patients receiving monotherapy. Dosages of all other firstgeneration agents did not differ significantly between the groups. However, when all first-generation antipsychotics were considered, multivariate analyses indicated that patients given prescriptions for polypharmacy received lower dosages of first-generation agents, compared with patients given prescriptions for monotherapy (adjusted odds ratio [AOR]=.93, 95% confidence interval [CI]=.90-.96, p<.001). This may be explained by the confounding effects of age. Older patients were less likely to be given prescriptions for longterm polypharmacy. The modal dosage of first-generation agents among patients younger than 64 years was 500 chlorpromazine equivalents both for those given prescriptions for polypharmacy and for those given prescriptions for monotherapy; among patients 65 years and older, however, PSYCHIATRIC SERVICES ♦ ps.psychiatryonline.org ♦ April 2007 Vol. 58 No. 4 the modal dosage for both groups was 100 chlorpromazine equivalents. After the analysis adjusted for differences by age and other model covariates, patients given prescriptions for polypharmacy received somewhat lower dosages of first-generation agents (as a group), compared with monotherapy patients. Figure 1 presents the proportions of patients given prescriptions for antiparkinson medications, antidepressants, antianxiety agents, and mood stabilizer medications, by receipt of long-term antipsychotic polypharmacy. Although 36% (N=14,384) of patients given prescriptions for monotherapy received concurrent antiparkinson medications, these agents were received by 50% (N=2,894) of patients given prescriptions for antipsychotic polypharmacy. In multivariate analyses that adjusted for patient demographic and clinical characteristics, patients given prescriptions for antipsychotic polypharmacy were more likely to receive concurrent treatment with antiparkinson agents than patients given prescriptions for monotherapy (AOR=1.67, CI=1.58-1.77, p<.001). The results of multivariate analyses indicated that the odds of receiving antidepressant medications did not differ by antipsychotic polypharmacy status. In contrast, patients receiving long-term polypharmacy had a higher likelihood of prescription of antianxiety medications, compared with patients not given prescriptions for polypharmacy (2,409 patients receiving polypharmacy, or 41%, compared with 12,992 patients receiving monotherapy, or 33%; AOR=1.52, 95% CI=1.43-1.61, p<.001).
Concurrent treatment with a mood stabilizer was observed among 37% (N=2,148) of patients given prescriptions for antipsychotic polypharmacy, compared with 27% (N=10,797) of patients given prescriptions for monotherapy. Patients given prescriptions for antipsychotic polypharmacy were approximately one-andone-half times more likely than those given prescriptions for monotherapy to receive these additional treatments (AOR=1.45, 95% CI=1.36-1.55, p<.001).
Discussion
This study represents one of the first investigations of the characteristics of patients with schizophrenia who received antipsychotic polypharmacy on a long-term basis. Further, it provides information not previously reported on the attributes of these medication regimens. We observed that sustained coprescription of antipsychotic medications-a practice for which there is little evidence regarding safety or efficacy-appears to be generally reserved for patients who are most severely ill. Consistent with earlier reports (8,11-13), our study found that patients were more likely to receive antipsychotic polypharmacy if they were younger, unmarried, or had greater use of inpatient and outpatient mental health services in the prior year. In addition, our data suggest that treatment with antipsychotic combinations is targeted to residual psychotic symptoms rather than moodrelated symptoms, as evidenced by our findings that patients with schizoaffective disorder or a concurrent diagnosis of depression were less likely to be given prescriptions for antipsychotic combinations. In addition, patients given prescriptions for antipsychotic polypharmacy were equally likely as other patients to receive antidepressant medications, yet they were more likely to be given prescriptions for antianxiety or mood stabilizer medications, which are sometimes used to treat residual psychotic symptoms. These findings are consistent with a recent study demonstrating that patients receiving antipsychotic combinations exhibited more positive and excited symptoms than patients given prescriptions for monotherapy (3) and also support clinicians' reports of using polypharmacy for refractory psychotic symptoms (9, 31) .
Although our findings imply that the most severely ill patients were given prescriptions for antipsychotic combinations, we are unable to comment on the appropriateness of these treatment choices and their outcomes, given the current study's cross-sectional design and lack of access to detailed psychopharmacologic treatment histories (for example, prior use of clozapine) and outcomes (for example, subsequent psychiatric hospitalization or use of emergency Regarding what is currently known about the efficacy of antipsychotic combinations, the few randomized, double-blind studies conducted, all of which tested augmentation of clozapine, have reported largely negative results (15) (16) (17) (18) (19) . Further, two case-control studies (3,4) of inpatients found that treatment with various antipsychotic combinations confers no benefit with respect to symptoms, functioning, or length of hospital stay, relative to treatment with monotherapy. As such, combining antipsychotics, even among chronically ill patients who may have failed other evidence-based treatments, is difficult to justify given the current state of the evidence.
In addition, the results of this study add to the concerns that have been raised regarding the safety of antipsychotic polypharmacy. We did not find support for the hypothesis that patients given prescriptions for polypharmacy receive lower dosages of individual agents in order to maintain efficacy while minimizing side effects. When used in combination, the second-generation antipsychotic agents were prescribed in similar or modestly higher dosages than the dosages considered standard for monotherapy in clinical practice. Among the individual first-generation agents, only chlorpromazine was prescribed in lower dosages for patients who received polypharmacy, whereas two commonly prescribed first-generation agents (haloperidol and thiothixene) were prescribed in higher dosages to these patients.
Although as a group, first-generation agents were prescribed in modestly lower dosages among patients receiving polypharmacy, compared with those receiving monotherapy, the median and modal dosages prescribed to the two groups were very similar. Only the subgroup of older patients, accounting for less than a quarter of the sample, was given prescriptions for relatively low dosages of first-generation agents. Because most of the antipsychotic combinations prescribed in this study consisted of at least one (and sometimes multiple) first-generation antipsychotic agents (25) , serious concerns are raised about the potential for adverse effects resulting from excessive antipsychotic exposure occurring over extended periods, which may begin early in a patient's treatment.
Consistent with this finding and the results of previous reports (7, 14) , patients given prescriptions for longterm antipsychotic polypharmacy were more likely to receive antiparkinson medications than patients given prescriptions for monotherapy. These results suggest that patients may experience increased frequency of troubling extrapyramidal side effects while on polypharmacy regimens, necessitating intervention. These findings, in turn, raise concerns about other polypharmacy-related adverse effects that may arise from excessive dopamine D2 blockade, including akathisia, tardive dyskinesia, and prolactin elevation (17, 20) .
On the other hand, our data also suggest that in some respects, clinicians may be aware of certain potential risks associated with prescription of multiple antipsychotic medications. Patients who were older and had a higher burden of medical comorbidity were less likely to be given prescriptions for sustained treatment with antipsychotic combinations. Although it may be that patients with these characteristics have less severe psychotic symptoms, this may also reflect clinician recognition that co-occurring medical disorders may be worsened by the side effects of multiple antipsychotic agents and treatment may be complicated by interactions among multiple agents. Patients with diagnoses of substance use disorder were also less likely to receive antipsychotic combinations, potentially indicating clinicians' concerns about the ability of such patients to adhere to complicated medical regimens.
Major strengths of this study include the large study sample drawn from an ethnically and geographically diverse treated population with schizophrenia. However, some aspects of the study design, such as the predominately male population studied within a single system of care, may have limited the generalizability of our findings. Although we are unaware of any systemwide prescribing guidelines in the VA that may have influenced treatment patterns, our findings require replication in other treatment settings. More work is also needed to address the appropriateness and effectiveness of antipsychotic combinations.
Conclusions
The results of this observational analysis suggest that patients given prescriptions for antipsychotic polypharmacy on a long-term basis are more severely ill with psychotic symptoms rather than mood symptoms. These patients likely require enhanced monitoring for adverse effects that may result from excess antipsychotic exposure.
